A comparison of two methods of solution to classical flow problem in rarefied gas dynamics was presented. The two methods were chosen to examine the effect of the following transport phenomena (pressure gradient and temperature difference) viz Poiseuille and Thermal creep respectively on the flow of rarefied gas. The governing equations were approximated using BGK model. It was shown that while the Discrete Ordinate Method could consider more values of the accommodation coefficients, the Finite Difference Method can only take accommodation coefficient of one. It was also shown that the flow rate has its minimum in both solution methods at K n = 0.1 in the transition regime and that as the channels get wider, the Thermal creep volume flow rates get smaller.
Introduction
In the recent literature there is a growing interest to solve problems in rarefied gas dynamics. The reader is referred to [1] [2] [3] [4] [5] [6] , and other references therein for an overview of the recent work in this area. Earlier researches [7] [8] [9] [10] [11] [12] solved rarefied gas dynamics problems using different methods. It has been shown that these methods yield good results. The main objective of this work is to do a comparison of two of the most widely used methods in the numerical study of rarefied gas flow problem: the Discrete Ordinate method (DOM) and the Finite Difference Method (FDM). Though the literature concerning our area of study is very intensive, we shall review a few of them.
Barichello, et al. [13] studied a version of the discrete-ordinates method to solve in a unified manner some classical flow problems based on the Bhatnagar, Gross and Krook model in the theory of rarefied gas dynamics. In particular, the thermal-creep problem and the viscousslip (Kramer's) problem are solved for the case of a semi-infinite medium, and the Poiseuille-flow problem, the Couette-flow problem and the thermal-creep problem are all solved for a wide range of the Knudsen number. Also Scherer and Barichello [14] studied an analytical version of the discrete-ordinates method, the ADO method, to solve two problems in the rarefied gas dynamics field, which describe evaporation/condensation between two parallel interfaces and the case of a semiinfinite medium. The modeling of the problems is based on a general expression which may represent four different kinetic models.
In [15] , the problem of heat transfer and temperature distribution in a binary mixture of rarefied gases between two parallel plates with different temperatures on the basis of kinetic theory was investigated. Under the assumptions that the gas molecules are hard spheres and undergo diffuse reflection on the plates, the Boltzmann equation was analyzed numerically by means of an accurate finite difference method, in which the complicated nonlinear collision integrals are computed efficiently by the deterministic numerical kernel method. As a result, the overall quantities are obtained accurately for a wide range of the Knudsen number. At the same time, the behavior of the velocity distribution function is clarified with high accuracy.
Muljadi and Yang [16] obtained a direct method for solving rarefied flow of gases of arbitrary particle statistics. The method is based on semi-classical Boltzmann equation with BGK relaxation time approximation. The  , then the integral term on the right hand side of (9) can be approximated to obtain
To satisfy the requirements of the right hand side of (11) the left hand side was evaluated at the points i     to obtain a system of differential equations
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Substituting Equation (14) into Equations (12) and (13), we have
For convenience, let
Then (15) and (16) can be written as
where I is an N × N identity matrix Now let (19) and (20) Adding (17) and (18) and substi
Subtracting (18) from (17) and substituting (20) gives
Eliminating Y from (21) and (22) we have
where
where 
Considering that the required eigenvalues has been obta I ined in (26) , a normalization condition is therefore imposed, that is,
Hence the discrete ordinate solution is written as
where   will not be allowed to be equal to one of the q rature points  
and a is the arbitrary scaling constant which we ar ing as 2a for the full channel width.
The problem based on (2) is "conservative" since e tak
For this reason we expect that one of the eigenvalues defined by Equation (26) will tend to zero as N tends to infinity. Taking this fact into account, , N v which is the largest of the computed separation con ts stan   j v will have to be neglected, hence (28) and (29) are written as
we have
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and   j B itions. Equat will be determined from ions (30) and (31) represent the discrete ordinate solutions.
To solve the problem of Couette, Poiseuille and Thermal creep, we consider the boundary conditions as defin nd write the boundary cond
for From (32) and (33), we can bou itions as stated in (3) to (8) as
for Couette flow,
for Poiseuille flow and
and   2 2 1 1 2
for Thermal creep. bstituting (30) and (31) into the boundary conditions (32) and (33), and evaluate at the quadrature points gives the system of linear algebraic equation 
for , and the matrix elements 1, 2, ,
Adding (40) and (41) we have
Subtracting (41) from (40) we h 
For Couette flow, we compute the stress given by 
 
The perturbation terms  and  depend only on z (flow direction) and are related to the pressure and temperature gradient. They are
where is proportional to pressure gradient and is boundary conditions are: 
A solution in the form
was sought where
Substituting Equation (54) into Equation (52) we have
Multiplying both sides of Equation (56) 
and integrating over full ranges, we have
where the function F is defined by
oundary conditions Integrating Equation (57) 
we have 
ectively. Next, is to solve numerically the unknown functions 
Numerical Results
Using LAPAK and LINPAC solvers, we obtained the following numerical results:
In Table 1 , we compared the results of Poiseuille flow rate between discrete ordinate and finite difference me thods. In the table, the result with accommodation coefficient α = 1 was the only one presented. While discrete ordinate method could consider more values of the accommodation coefficients, the finite diffe can only take accommodation coefficient of one. This is due to the fact that the discrete ordinate solution adopted the boundary conditions of diffuse and specular reflections while the finite difference solution adopted the difndition only. A range of in-
fuse reflection boundary co verse Knudsen number from 0.001 to 100 was considered for both solutions, these values accommodated the slip flow, transition flow and the collisionless flow regime. The results show an agreement of 96.6% within the slip and collisionless regime and 99.9% in the transition regime. The flow rate shows its minimum in both solution methods at K n = 1.0 in the transition regime. This result also agreed with that of Cercignani and Daneri in [9] where it was pointed out that the minimum occurs between 1.0 and 1.2 and the analytical solution as presented in [26] and [27] . It was also observed that as the inverse Knudsen number gets very large, the volume flow rate shoots up drastically; reason was that the meanfree-path becomes larger. 
Conclusion
Based on the discussions above, we therefore concluded that: the comparison shows that both schemes give simi 
